IR paracetamol using the post-operative dental pain model 4, 6 . No difference was observed between the SR paracetamol and IR paracetamol treatment groups in distribution, incidence or severity of adverse events. Conclusions SR paracetamol and IR paracetamol are clinically and statistically equivalent. While SR paracetamol and IR paracetamol were similar in terms of both onset of analgesia and peak analgesic effect, SR paracetamol had a longer duration of activity than IR paracetamol. The safety profiles of SR paracetamol and IR paracetamol were found to be very similar. P aracetamol (acetaminophen) is a non-opioid analgesic with antipyretic properties, effective in relieving mild to moderate pain. 1 The mechanism of action is not completely understood, although it is thought to act primarily through inhibition of prostaglandin synthetase in the central nervous system. 2 Paracetamol is an important drug for the control of pain in dentistry and several studies have confirmed its effectiveness. [3] [4] [5] [6] It is commonly prescribed as well as being available for retail sale. It is of particular value when NSAIDS are contraindicated, perhaps by known hypersensitivity or a history of gastrointestinal ulceration or bleeding. 7 Paracetamol is also the analgesic of choice to supplement NSAIDS when these are expected to be ineffective to control a patient's pain. 8 Paracetamol, like many other analgesics, has a short half-life (around 2-3 hours) which necessitates frequent dosing. The UK recommended regimen is 500-1000 mg every 4-6 hours. 9 However, it would be advantageous if the duration of action were longer so that fewer daily doses could maintain therapeutic plasma levels. This would improve patient convenience and compliance and be of benefit to the patient at night-time, for example. Panadol Extend is a sustained release (SR) product containing 665 mg paracetamol which has been designed to give analgesia for up to 8 hours after dosing. The tablet has a bi-layer design combining immediate release (IR) paracetamol with a second layer of SR paracetamol.
The primary study objective was to compare the analgesic efficacy of a single dose of the SR paracetamol formulation, with that of a standard IR paracetamol formulation, Panadol, for the management of acute post-operative pain. The secondary objectives of the study were to compare the duration of analgesic effect of SR paracetamol with that of IR paracetamol and to evaluate the safety of the two formulations.
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Pain control with paracetamol from a sustained release formulation and a standard release formulation after third molar surgery: a randomised controlled trial Global assessments of effectiveness were made at 4 and 8 hours. Any adverse events were also recorded. Results Of 627 randomised patients, 314 were treated with SR paracetamol and 313 with IR paracetamol. In the per protocol population at 4 hours, 35.1% of the 252 patients on SR paracetamol rated the study medication as very good or excellent compared with 27.7% of the 258 patients on IR paracetamol. There were few statistically significant differences among the secondary parameters but where they did occur they favoured SR paracetamol. Trends in favour of SR paracetamol were observed among the secondary parameters and these tended to emerge at the later time points. For example, while there was no statistically significant difference in time to re-medication between the treatment groups, the estimated time to re-medication was longer for patients treated with SR paracetamol (4 hr 5 min) compared with IR paracetamol (3 hr 10 min). The high rate of re-medication observed is consistent with that reported for
Methods

Protocol
This was a multi-centre, single dose, double-blind, randomised, controlled trial conducted in accordance with the Declaration of Helsinki and Good Clinical Practice. 10, 11 The study was conducted at five University Dental Hospitals in the UK and Ireland and approved by the local research ethics committee of each study centre.
Patients who required at least one lower impacted third molar to be removed under general anaesthesia and necessitating bone removal were invited to participate in the study. Patients who had upper and/or contralateral teeth that also required removal were eligible for inclusion.
Patients were informed about the study both verbally and in writing at a screening visit and all patients gave their written, informed consent to participate in the study. A routine dental examination was performed as well as an overall assessment of general health. Demographic details were collected and all current medication was recorded. Female patients of child-bearing potential underwent a pregnancy test which had to prove negative. Patients were free to withdraw from the study at any time and were excluded if they:
• suffered any disease that could affect the action, absorption or disposition of the study medication; • had a medical or social history suggestive of liver impairment;
• used any medication likely to interfere with the action, absorption or disposition of the study medication; • had a known or suspected intolerance or hypersensitivity to paracetamol, ibuprofen, tramadol or to any of the anaesthetic agents to be used; • were females who were pregnant, lactating, attempting to become pregnant or taking hormone replacement therapy; • had a Body Mass Index 12 greater than 35 kg/m 2 .
On the treatment day (no more than 30 days after screening) female patients underwent another pregnancy test which had to prove negative and details of any concomitant medications and adverse events were collected. Patients were excluded if they had taken any analgesics or tranquillisers within 24 hours of the treatment day or used steroids for one month or more during the preceding year. Removal of the lower impacted third molar was carried out using a routine and standardised procedure and general anaesthetic technique. After surgery, as soon as patients became aware of their surroundings they were required to complete an assessment of pain using a visual analogue scale. When the patient's pain reached moderate or severe intensity they were dosed with one of the two study medications. Patients repeated the pain assessments at 10 minute intervals until they reached moderate/severe intensity. Patients who failed to reach the required pain intensity after 60 minutes were not randomised to treatment.
Subsequent to receiving study medication, patients conducted assessments recording the level of pain intensity and pain relief at time intervals for up to 8 hours (0.5, 1, 1.5, 2, 3, 4, 5, 6, 7 and 8 hours). Patients remained in hospital for up to 4 hours after receiving study medication, in order to complete the 4-hour pain assessment and their first global assessment. They were then provided with a patient booklet to complete the remaining pain assessments (up to 8 hours) and the final global assessment at the end of the study at home. Pain intensity was evaluated using a four-point categorical verbal rating scale (VRS) from none (0) to severe (3) and a 100 mm visual analogue scale (VAS) labelled 'no pain' at one end and 'unbearable pain' at the opposite end. Relief from starting pain was rated using a five-point VRS from no relief (0) to complete relief (4) . Global assessments were rated on a five-point VRS from excellent (0) to poor (4) in response to the question, 'Overall, how would you rate this medication?' At each post-operative pain assessment time point, details of any concomitant medications and adverse events were recorded.
If pain intensity was not reduced and adequate pain relief was not achieved then patients were permitted to take rescue medication, although they were encouraged to wait 45 minutes to allow the study medication time to take effect. Rescue medication was either 400-600 mg ibuprofen, 30-60 mg nefopam, 30-60 mg codeine or 50-100 mg tramadol tablets. In cases of extreme pain, intravenous tramadol was available. Rescue medication was also available on return of pain and the time to rescue medication was recorded. To ensure that the information given to patients regarding the requesting of rescue medication was presented in a standard manner, each site was provided with a bullet-point script to use as an aidemémoire which abstracted key information from the protocol.
For patients who used rescue medication, pain intensity and pain relief scores at the time of taking rescue medication were assigned the 'worst case' response and these values were extrapolated to 8 hours for both intention to treat and per protocol analyses. Similarly, for the 4-hour global evaluation, patients taking rescue medication before 4 hours were assigned a global assessment of 4 (poor), and this value was also carried forward for the overall assessment at the end of the study (8 hours) . Those who took rescue medication between 4 hours and 8 hours provided an overall evaluation of study medication at the time of re-medication, and this value was used for the overall assessment. Patients who did not take rescue medication provided an overall assessment 8 hours after treatment.
The end of the study for each patient was defined as either the completion of the 8-hour assessment or the time of administration of rescue medication (up to 8 hours). At the end of the study, except if rescue medication had been administered, patients completed an overall global assessment of the study medication. No further pain intensity assessments were to be done by the patient and the patient then received normal medical care.
Within ten days of the surgery, patients returned to the clinic for a follow-up assessment, which included a dental examination and collection of details of any concomitant medications and adverse events.
During the study, adverse events were elicited in a standard manner by asking the patient at the beginning of the treatment day and at the follow-up visit, 'Have you felt unwell, experienced any unusual symptoms, taken any new medications or had any change to your current medication since your last visit?' . In addition, any adverse event occurring during the study that was spontaneously reported either by the patient, clinic staff or the investigator was recorded. Before the patient left the clinic on the treatment day, patients were asked, 'Have you had any undesirable effects since taking the medication?' . Once the patient had left the clinic, adverse events were elicited from patients with the following question in the patient booklet: 'Have you had any undesirable symptoms since leaving the hospital and within 8 hours of your operation?' .
The sample size was based on a published study 6 , with 260 patients per treatment group, to permit the study to have at least 80% power to show that SR paracetamol was no more than 15% inferior to IR paracetamol at the 4-hour global assessment when comparing the success rates (of very good or excellent) of the two groups (expected to be 27%). Assuming that at least 90% of patients would require analgesia on recovery from anaesthesia and satisfactory completion of post-dosing assessments, it was calculated that a total of 576 patients would need to be enrolled to ensure a sufficient number of evaluable patients. These numbers assumed the use of one-tailed 5% significance tests for the between treatment comparisons. During the study it was discovered that all 50 patients from one of the centres were ineligible, thus the recruitment target was increased from 576 to 627.
Peak Pain Intensity Difference (PPID) was generated for each patient by taking the largest value available over time for a patient. Summed Pain Intensity Differences (SPID) were generated for each patient by subtracting the pain intensity scores of none (0), mild (1), moderate (2) and severe (3) from the baseline pain assessment and summing the values over the 4-, 6-and 8-hour evaluation periods, weighting for time, respectively. 13 Summed Pain Analogue Intensity Differences (SPAID) were generated for each patient by subtracting the VAS scores from the baseline pain assessment and summing the values over the 4-, 6-and 8-hour evaluation periods, weighting for time, respectively. 13 Total Pain Relief (TOTPAR) was generated for each patient by summing the hourly pain relief scores of no relief (0), a little relief (1), some relief (2), a lot of relief (3) and complete relief (4) over 1, 4, 6 and 8 hours, weighting for time, respectively 13 .
Peak Pain Relief (PPREL) was generated for each patient by taking the largest value available over time for a patient.
Assignment
Patients were randomised to receive one of two treatments, SR paracetamol or IR paracetamol after surgery, when the post-operative pain had reached moderate/severe intensity as determined by 30 mm on a VAS. 14 The computer-generated randomisation schedule was supplied by the biostatistician and study medication was packed and labelled centrally and so the identification was not known by the study centres.
Blinding
The study included a double-dummy dosing regimen to maintain the study blinding. This was necessary because the SR paracetamol tablet is larger and heavier than the IR paracetamol tablet.
Study medications
Study medications were taken with 100 ml of water as below.
SR paracetamol
Two SR paracetamol tablets and two IR paracetamol placebo tablets.
IR paracetamol
Two IR paracetamol tablets and two SR paracetamol placebo tablets. SR paracetamol tablets contain 665 mg paracetamol and IR paracetamol tablets contain 500 mg paracetamol. The doses selected for this single dose study were two tablets of IR paracetamol (1000 mg paracetamol) and two tablets of SR paracetamol (1330 mg paracetamol). The reason for the higher paracetamol content in a SR paracetamol tablet compared with a IR paracetamol tablet is to ensure that the new formulation will provide adequate analgesia with a three times daily dose regimen compared with four times daily for IR paracetamol. In a single dose pharmacokinetic study, it has been shown that SR paracetamol is bioequivalent to IR paracetamol with respect to dose-corrected AUC (SB data on file).
Results
Seven hundred and thirty five patients were screened for this study and 627 of these were randomised to treatment. Figure 1 shows a flow diagram illustrating the disposition of patients in the trial. Two populations were identified for analysis: a per protocol and an intention to treat population. All patients who were randomised, entered the treatment period and took at least one tablet of study medication were considered evaluable for the intention to treat population (total = 627 patients). These patients also served as the safety population. Patients were considered eligible for the per protocol population if they entered the treatment period and did not violate the protocol in a major way (total = 510 patients). Protocol violations included: use of prohibited concomitant medications, the patient not remaining in the hospital up to and including the 4 hour assessments or the patient vomiting within the first 2 hours of the assessment period.
The demographic characteristics for the per protocol and intention to treat populations are shown in Table 1 . As the primary analysis focused on the per protocol population, the following describes demographic and baseline details for the 252 patients in the SR paracetamol group and the 258 patients in the IR paracetamol group who qualified for the per protocol analysis. On average, three teeth were extracted from patients in both treatment groups and the median duration of surgery was 20 minutes (range 4-60 min) for the SR paracetamol group and 17 minutes (range 3-75 min) for the IR paracetamol group. These findings were very similar for the intention to treat population.
The baseline vital signs for the per protocol population were very similar for the two groups and are summarised in Table 2 
Primary efficacy parameter
The primary measure of analgesic efficacy was the patients' global evaluation at 4 hours. Patients that took rescue medication before the 4-hour evaluation were assigned a response of poor. Figure 2 shows the number and percentage of patients by response to each treatment whilst Table 3 shows the response rates classified as successes and failures, along with the results of the statistical analysis. A successful response was defined as a very good or excellent global assessment 4 hours after drug administration 6 . The difference in the proportion of success between the two treatments and the 90% confidence interval for this difference are shown in Table 3 . The pre-specified critical value for the lower bound of the 90% confidence interval, which determined whether SR paracetamol was inferior to IR paracetamol, was -15%. The observed value of +0.6% indicates that the two treatments can be concluded to be equivalent with respect to the global assessment at 4 hours. In order to take account of the duration of surgery (not significant), the number of teeth removed (not significant) and the effects of centre differences (highly significant; differences were seen between the centres in global pain relief at 4 hours), an odds ratio adjusted for these factors was also calculated. The critical value for the lower bound of the 90% confidence interval for the odds ratio, which determined whether SR paracetamol was inferior to IR paracetamol, was 0.38. The observed value of 0.91 indicates SR paracetamol is not inferior to IR paracetamol with respect to the global assessment at 4 hours. The treatment by centre interaction was investigated and found to be insignificant for the per protocol analysis, hence the results are presented over all centres. This confirms the findings from the unadjusted analysis.
Secondary efficacy parameters: time to re-medication
No statistically significant differences were seen in the times to rescue medication between the two treatment groups. However, the estimated median time to re-medication was longer for the SR paracetamol group (4 hr 5 min) compared with the IR paracetamol group (3 hr 10 min). At the end of the study period (8 hours), approximately 20% of patients in both groups had not taken any rescue medication.
Secondary efficacy parameters: pain intensity
There was no evidence of any statistically significant differences between the two treatment groups for PPID. Based on the fourpoint VRS data, the median PPID was 1.00 for both treatments indicating that SR paracetamol and IR paracetamol provide a similar maximum level of analgesia. No statistically significant differences were seen in the time to PPID, suggesting that the treatments take a similar length of time to reach peak effect. The median time to PPID for both groups was 1 hr 30 min.
There was no evidence of any statistically significant differences between the two treatment groups when the SPID, based on the four-point VRS analysis, at any of the time points although there was a trend in favour of SR paracetamol. However, SR paracetamol was statistically significantly better than IR paracetamol when the SPAID were analysed at the 6-hour (p = 0.0344) and 8-hour (p = 0.05) assessments. Significant differences in favour of SR paracetamol at the 6-and 8-hour assessments were found for both SPID (p = 0.0247 and p = 0.0327, respectively) and SPAID (p = 0.0095 and p = 0.0150, respectively) in the intention to treat analysis. A significant difference was also found for SPAID at 4 hours (p = 0.0279) in the intention to treat analysis.
Secondary efficacy parameters: pain relief
There was no evidence of any statistically significant differences between the two treatment groups for TOTPAR at any time point or for PPREL. When compared at the earliest time point, 1 hour after administration, the difference between the two treatment groups was very small: the mean TOTPAR for SR paracetamol was 1.32 (Standard Deviation [SD] = 0.801) compared with 1.30 (SD = 0.849) for IR paracetamol. At the later time points progressively greater differences were observed between the formulations. For example, at 8 hours the mean TOTPAR for SR paracetamol was 10.80 (SD = 8.166) compared with 9.80 (SD = 7.193) for IR paracetamol. The mean PPREL for SR paracetamol (2.46, SD = 1.17) was almost identical to that for IR paracetamol (2.45, SD = 1.15) suggesting that the maximum level of the analgesic response provided by both treatments is very similar. These two values approximate to a rating of between 'some relief' and 'a lot of relief' on the five-point VRS of pain.
No statistically significant differences were seen in the time to PPREL between SR paracetamol and IR paracetamol. The median time to PPREL for both groups was 1 hr 30 min and the confidence intervals of these medians were identical. Secondary efficacy parameters: overall assessment at the end of the study Forty-two (23%) patients treated with SR paracetamol reported a very good or excellent response at 8 hours (or between 4-8 hours if they took rescue medication), whilst 34 (17.3%) of the IR paracetamol treated patients reported such a response.
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Efficacy results: intention to treat population
The results of the per protocol analysis and the intention to treat analysis were very similar other than those described above.
Safety evaluation
A total of 604 adverse events emerged during the treatment period from a safety population of 627 patients. Of the 314 patients randomised to SR paracetamol, 166 (52.9%) reported 321 adverse events. Of the 313 patients randomised to IR paracetamol, 163 (52.1%) reported 283 adverse events. Most of the adverse events were considered unrelated to study medication and Table 4 includes information on the ten most frequent reported events by treatment group.
Three patients each reported a single serious adverse event (postoperative haemorrhage, hypotension and acute post-operative wound infection). None was related to study medication and all resolved without complication.
Discussion
Primary efficacy parameter
In the management of acute post-operative pain following the surgical removal of wisdom teeth, a single dose of SR paracetamol was shown to be clinically and statistically equivalent to IR paracetamol measured by the patients' global response at 4 hours after administration. Paracetamol is recommended for mild to moderate pain 15 . However, the pain intensity associated with removal of impacted third molars is moderate to severe 16 , therefore the present study has provided a stringent test for SR paracetamol and IR paracetamol.
Secondary parameters
The mean PPREL for patients treated with SR paracetamol was almost identical to that for IR paracetamol, based on the per protocol analysis, suggesting that the magnitude of the analgesic response provided by both treatments was very similar. This result is supported by the analysis of the median PPID. The median time taken to reach PPREL and PPID was 1 hr 30 min for both SR paracetamol and IR paracetamol, suggesting that the development of analgesia was similar for both formulations. The observations that there was no significant difference in TOTPAR between SR paracetamol and IR paracetamol measured 1 hour after administration of study medication is also consistent with this conclusion, although SR paracetamol provided progressively greater benefit than IR paracetamol over time. Furthermore, analysis of the intention to treat population was supportive.
Trends in favour of SR paracetamol were observed among the secondary parameters and these tended to emerge at the later time points. This was apparent for both the per protocol and intention to treat populations. For example, while there were no statistically significant differences in the time to re-medication between the groups, the median time to re-medication was longer for patients treated with SR paracetamol compared with IR paracetamol, based on the per protocol population. Time to re-medication provides an indication of the duration of analgesia. The high re-medication rate observed is common in studies of post-operative dental pain 5 and typically about 50% of patients re-medicate within 4 hours after treatment with 1000 mg IR-paracetamol 4, 6 .
Significant differences in favour of SR paracetamol were also apparent in certain of the summed pain measurements. For example, SPAID, based on the VAS for the per protocol population, showed that SR paracetamol was statistically significantly better than IR paracetamol at both the 6-and 8-hour assessments. Significance in favour of SR paracetamol was also confirmed in the intention to treat analysis. Whilst there were no significant differences at any time point for SPID, based on the VRS for the per protocol population, there was a trend in favour of SR paracetamol. The significant differences in favour of SR paracetamol found for SPID in the intention to treat analysis supports this trend. These differences are as expected given that SR paracetamol contains sustained release paracetamol and each tablet contains 665 mg paracetamol compared with 500 mg for IR paracetamol. The VAS provides a more sensitive and accurate representation of pain intensity than a descriptive pain scale 17 . This may explain why a statistical significance was noted for SPAID and not for SPID.
Area under the curve measures such as TOTPAR and SPID confound onset and duration of analgesia with peak effect. Since SR paracetamol and IR paracetamol were similar with respect to the development of analgesia and the peak analgesic effect, the fact that SPAID revealed significant differences in favour of SR paracetamol at the 6-and 8-hour assessments suggests that the duration of activity of SR paracetamol is longer than IR paracetamol. This interpretation is in accordance with the observation that median time to re-medication was longer in patients treated with SR paracetamol compared with IR paracetamol and as expected for a formulation containing sustained release paracetamol.
A total of five centres participated in this study. Treatment differences between SR paracetamol and IR paracetamol were not significant across the centres in the per protocol population, but this interaction proved to be significant for the intention to treat population. Data generated at one of the centres in the intention to treat analysis showed a trend in favour of IR paracetamol whereas at all other centres the trend was in favour of SR paracetamol. The likely reason this did not have an impact on the per protocol analysis is that all patients at this centre were excluded from this analysis because they received Maxolon (metoclopramide), a prohibited medication, prior to surgery. Metoclopramide acts on the upper gastrointestinal tract to prevent nausea and vomiting 15 , which can occur following general anaesthesia. It would therefore enhance the rate of absorption of a drug such as paracetamol and thus the onset of analgesia. While it is possible that use of metoclopramide at this centre may explain why treatment difference between SR paracetamol and IR paracetamol is reversed, this conclusion remains speculative.
Safety evaluation
This was a large study with 627 patients randomised and treated with the study medication thus constituting a large safety population. Whilst there were a large number of adverse events reported RESEARCH analgesia in this study, most of these were considered by the investigators to be unrelated to the study medication. Such events are likely to have resulted from the surgery and/or general anaesthesia, for example, nausea, vomiting and dizziness. However, it is not possible to distinguish these from any that may have been caused by a single dose of analgesic provided.
Conclusions
Based on the primary parameter (4-hour global assessment) it is concluded that SR paracetamol and IR paracetamol are clinically and statistically equivalent. SR paracetamol and IR paracetamol were found to be similar in terms of both development of analgesia and peak analgesic affect. SR paracetamol had a longer duration of activity than IR paracetamol as demonstrated by statistically significant differences in SPAID at 6 and 8 hours and supported by a longer time to re-medication. This is as expected from a formulation containing SR paracetamol and a higher dose of paracetamol. The safety profiles of SR paracetamol and IR paracetamol were very similar based on the results from this single dose study in post-operative dental pain.
